Epigenetic regulations are heritable changes in gene expression that occur in the absence of alterations in DNA sequences. Various epigenetic mechanisms include histone modifications and DNA methylations. In this review, we examine methods to study DNA methylations and their contribution to degenerative diseases by mediating the complex gene-by-environment interactions. Such epigenetic modifications despite being heritable and stably maintained are also potentially reversible and there is scope for the development of epigenetic therapies for this disease.
INTRODUCTION
With the phenomenal success of human genome project, sequences for approximately 25,000 genes have been identified. Most of identified genes have yet to be functionally characterized. Many of these genes might contribute to physiological processes and, or pathogenesis revealing the mystery behind the etiology of disease [1] . Phenotypic alterations irrespective of identical DNA sequence gave impetus to understand the mechanisms involved in such alterations which were result of nonmendelian and incongruent patterns of inheritance in organisms [2] . Epigenetics thus involves the mechanisms which establish and transmit different patterns of gene expression within all types of cells irrespective of identical DNA sequence. Epigenetic silencing of some genes serves as control mechanism during differentiation of cells. These modifications are prone to changes throughout life [3] . The major epigenetic alterations that have been identified are DNA methylation, histone modifications and splicing of messenger RNA [microRNA or siRNA].
EPIGENETIC MECHANISMS

DNA Methylation
DNA methylation occurs in both prokaryotes as well as eukaryotes. In prokaryotes it occurs on cytosine and adenosine, while in eukaryotes it occurs on cytosine [4] . In mammalian cells DNA is methylated at 5th position of cytosine ring. DNA methylation in mammals is required for silencing of transposable elements, allele specific expression of imprinted genes, X chromosome inactivation in females [5] . There are two mechanisms by gene repression is achieved, first modification of cytosine inhibits binding of DNA binding factors to specific DNA sequence and second methyl CpG binding proteins through transcriptional corepressors inhibit gene expression [1] . DNA methyltranferases target the dinucleotide palindrome CpG islands and 60% of genes contain CpG islands in the promoter region. DNA methyltransferase can be classified into two classes one which is responsible for methylation and other for maintenance. Evidence suggests that DNMT3a and DNMT3b DNA methyltranferases are responsible for de novo methylation. While DNMT1 is associated maintenance of DNA methylation pattern during DNA replication [6] .
The exact mechanisms of de novo DNA methylation are still being elucidated. Recent studies have emphasized the importance of PWWP domain in humans, as mutation in this domain reduces DNA methylation of classical satellite 2 DNA in Immunodeficiency, Centromeric instability and Facial anomalies [ICF] syndrome which is a rare autosomal recessive disease [7] . The second mechanism is interaction of DNMTs with transcriptional repressor protein which can result into efficient repression of the target gene [8] . Tissue specific methylation patterns can be established but it would require de novo methylation as well as demethylation. Although till now there is no confirmed characterized DNA demethylases, several mechanisms are proposed for active DNA demethylation. Recent study by Kangaspeska et al. and Metivier et al. has proposed that DNA methytransferases [DNMT3a and DNMT3b] are responsible for demethylation [9] [10] [11] .
Histone Modification
The eukaryotic genomic DNA is packed with histone proteins into chromatin causing DNA condensation. Condensation of DNA causes an obstacle to nuclear processes such as replication, transcription and repair, whereas decondensation facilitates the nuclear processes. Histone, the basic repeating unit of chromatin in nucleosome, is an octamer of four core histones H2A, H2B, H3 and H4 and 146 base pairs of DNA wrapped around the histone [12] . Histone modifications mostly occur in a combinational manner and are correlated with either activating or repressing the gene function.
 Histone Acetylation
Acetylation and deacetylation of histones gives rise to transcriptionally active chromatin and inactive chromatin respectively. Modifications mostly occur at amino terminal amino acids positions 9, 14, 18, 23 of H3 lysine and 5, 8, 12, 16 of H4 lysine [13] . Acetylation causes the neutralization of basic charge of histone tails reducing its affinity for DNA, adjacent histone within the nucleosome and also with other regulatory proteins and leading to the formation of open accessible form of DNA that will aid in transcription activity [14] . Histone acetylation and deacetylation are carried out by chromatin associated enzymatic systems which reside in multisubunit complexes and catalyze the incorporation or removal of covalent modifications from histone targets. Histone acetyl transferases [HATs] complexes are composed of proteins with homology to transcriptional regulators possessing HAT activity [14] . Histone deacetylases act as corepressors of transcription. Inhibition of HDACs activity and inactivation of sites for hypoacetylation in histone H4 are known to disrupt the formation of highly condensed heterochromatin regions leading to hindrance in the transcription activity [15] . The deacetylation of lysine 16 of H4 is an important event in the disruption of heterochromatin regions.
 Histone phosphorylation
Another modification that histone undergoes is phosphorylation at the serine 10 of histone H3 causing gene activation of mammalian cells [16] . The addition of negatively charged phosphate groups to histone tails neutralizes their basic charge and is thought to reduce their affinity for DNA. Phosphorylation may contribute to transcriptional activation through the stimulation of HAT activity on the same histone tail. DNA damage signalling pathways activates phosphorylation of histone H3 causing alteration of chromatin structure facilitating repair [17, 18] .
 Histone methylation
Histone methylation is generally associated with transcriptional repression. Methylation occurs at lysine residues H3 [4] and H4 [19] modifying them to mono-, di-, trimethylated. The tri-methylated states in H3 and H4 amino terminal can be stably propagated during cell division [20] . There are two classes of methylating enzymes, PRMTs [protein argentine methyl transferases] and HKMTs [histone lysine methyl transferases] [19, 21] . Methylated lysine residues are considered to be chemically more stable. Lysine specific demethylases act on the mono-and distates and are associated with large protein repressive complexes which also contain HDACs [22] . Hydroxylases and dioxygenases another class of histone demethylases which act via radial attack [23] .
MicroRNA
Mammalian cells harbour numerous small non-protein coding RNA's, including snoRNAs, miRNAs, and siRNAs [small nucleolar RNA's, microRNA's and short interfering RNA's] which regulate gene expression at many levels. miRNA appear to regulate the events through the lifecycle, including embryonic and post embryonic stages suggesting their important and diverse role in development of an organism. Consistent with a diverse role of miRNAs in development, a variety of miRNAs exhibit temporal and tissue specific expression patterns [24] . miRNA causes rapid transitions in gene expression. The targets are often transcription factors that regulate cell differentiation enabling the cell to respond quickly to developmental decisions. miRNA are formed by dicer cleavage of hairpin loop RNA precursors [25] . These precursors are transcribed from genes within the genome. The number of miRNA genes in humans is around 200 -255 corresponding to 0.5% -1% of the total genes in genome.
siRNA are incorporated into RNA induced silencing complex [RISC] composed of numerous proteins leading to unwinding of the duplex to single stranded siRNA's which remains associated with RISC preferably to strands whose 5'ends base pair more weakly to their complements. The retained RNA strand acts as a guide for RISC to find mRNA transcripts with complementary sequence. If such mRNA molecules are found, the base paring interactions between siRNA and mRNA lead to transcript cleavage and degradation. siRNA may also guide factors that methylate histones and DNA resulting in transcriptional silencing [26] siRNA, miRNA repress gene expression by negatively regulating complementary mRNA.
Concept of epigenetics revolves around the role of environmental factors in concurrence with genetic predisposition of the disease. From the past evidences understanding regulation of genes at transcriptional level and underlying epigenetic mechanism has emerged as newer approach in defining the pathways of disease and identifying the newer drug targets. This review focuses on methods for the Genome-Wide analysis of DNA Methylation levels and patterns and epigenetic mechanisms that un-derpin the complexity of pathogenesis of complex disease like rheumatoid arthritis, asthma, obesity, Alzheimer.
OVERVIEW OF DIFFERENT DNA METHYLATION ANALYSIS TECHNIQUES
DNA methylation is an essential epigenetic modification in the DNA of human genome. Aberrant DNA methylation has been shown to be associated with a variety of diseased condition. A wide range of methods have been developed and has revolutionized our understanding of DNA methylation and also provided us a new insight into the biological role of this epigenetic mark. In this write-up, methods have been broadly classified into three types-genome wide analysis, global methylation analysis and gene-specific methylation analysis.
Genome Wide Analysis of DNA Methylation
Restriction Landmark Genomic Scanning for screening of methylated sites [RLGS] is a method which makes use of restriction enzymes recognition site as landmarks for the analysis of the genome. This method has many advantages and they are 1) high-speed simultaneous scanning of thousands of restriction landmarks; 2) its requires no hybridization procedure and genome of any organism can be analyzed because of direct-labelling of restriction enzyme sites and 3) one can detect and differentiate the haploid and diploid genomic DNA by looking into the spot intensity of copy number of restriction landmark. The profiles generated are highly reproducible and enables direct comparison of genomic DNA between two individuals or between two tissues, e.g. normal and tumor tissue [27] . In amplification of intermethylated sites [AIMS] method, DNA is digested using the methylation sensitive restriction enzyme. Digested fragments are ligated and PCR amplified. The amplified product is run on the high resolution denaturation gel for the separation [28] . Differential Methylation Hybridization [DMH] enables us to discriminate between the methylation profiles of two samples; test and control DNA cohybridized to an array of immobilized CpG islands [29] . All these [RLGS, AIMS, DMH] methods have been shown to be useful for methylome profiling. However, the need of DNA sequencing in the case of both RLGS and AIMS to determine the sequence identity of differential spots or bands has been a practical limitation of these two methods. A modification in the DMH method is the use of the methylation dependent endonuclease McrBC [30] . 
Global DNA Methylation Analysis
Global DNA methylation has been proposed as a molecular marker for biological processes such as cancer [48] . A variety of methods are currently available to investigate global DNA methylation, including HPLC [49] , capillary electrophoresis [50] , and a combination of LC and MS [51] . In HPLC based methods, the level of DNA methylation is usually obtained by chromatographic separation of the individual nucleotide bases or their related deoxyribonucleotides or deoxyribonucleosides, and quantification of the 5 mC after separation. The advantage of this method is that the deoxyribonucleotides can be easily distinguished from the ribonucleotide contaminants and thus avoids the error due to RNA and the technique is suitable for measuring the 5 mdCMP content in 1 µg or more of DNA. Recently it was shown that methylated cytosine can be accurately and reproducibly measured in as little as 3 µg of DNA using this HPLC [52] . 
Gene-Specific Methylation Analysis
For the investigation of DNA methylation patterns in single genes or target sites the usual method of choice is bisulphate conversion followed by DNA sequencing. When DNA treated with sodium bisulfite, under the treatment conditions, leads to the conversion of unmethylated cytosine to uracil, while methylated cytosine [both 5 mC and 5 hmC] remains unchanged. This change can be detected using a variety of methods, including PCR amplification followed by DNA sequencing [55, 56] . This method allows a high degree of specificity, sensitivity, and flexibility in methylation detection [67, 68] .
DEGENERATIVE DISEASES AND EPIGENETIC THERAPY
There is increasing evidence that epigenetic changes play a critical role in the development of certain human diseases. Cancer, neurodegenerative diseases and aging are well reviewed in literature. In this review we have summarised various epigenetic mechanisms reported recently in diseases like Rheumatoid Arthritis, Asthma, obesity and Alzheimer's disease.
Rheumatoid Arthritis
The Rheumatoid arthritis [RA] is an autoimmune disease characterized by a chronic inflammation of joints mainly affecting synovial joints. Exact etiology of disease is unknown. RA is complex disease governed by various genetic as well as environmental determinants. Cytokines like IL-10 play role in differentiation of T cells into Th1 and Th2. Epigenetic regulation of cytokines are considered as one of the factor associated with inflammatory response. Fu LH et al. have observed promoter methylation in IL-10 is associated with the chromatin remodelling in differentiated Th1 and Th2 cells [69] . It has also been shown that proximal upstream CpG motif at −145 in IL-10 promoter was hypomethylated in RA patient and was also associated with high levels of IL-10 mRNA and serum levels. Same study also demonstrated increase in binding of transcription factor CREB (cAMP response element-binding) to IL-10 promoter [70] . In a study to determine DNA methylation of IL-6 promoter region in RA patients, Christopher Nile and group compared the methylation status in IL-6 promoter in RA patients and healthy controls. It was reported that upstream motif -1099 C was hypomethylated in patients than controls. The study suggested that low methylation of -1099 C site of IL-6 cytokine may increase risk of developing RA [70] . Similarly Ishida et al have demonstrated correlation between lower methylation levels of CpG motif at -74 bp in IL-6 promoter and increase in serum IL-6 levels in RA patients [71] . Above studies not only suggest the role of IL-10 and IL-6 in pathogenesis of RA but also provide evidence of epigenetic regulation of these genes in RA.
Asthma
Asthma is a chronic pulmonary disorder of the airways, which involves several inflammatory cells and multiple mediators that result in characteristic pathophysiological changes leading to reversible airway obstruction. IFN-γ gene and IL-4 gene are critical modulators of Th1/Th2 balance and play a vital role in pathogenesis of asthma [72, 73] . Demethylation at the site of proximate promoter and conserved intronic regulatory element [CIRE] in the first intron of the proallergic IL-4 gene and hyper methylation of sites in the counter regulatory INF-γ promoter results in greater IL-4 production and differentiation of Th2 cells [74] [75] [76] [77] [78] [79] . Eosinophils play a major role in asthma along with eotaxin and IL-5. Use of lentivirus delivered short hairpin RNA suppresses the expression of IL-5 inhibiting the inflammation of airway [80] . IL-13 released by Th2 regulates the expression of arginase I in a STAT-6 dependent manner. Using RNA interference, Yang M et al. have demonstrated that loss of arginase I in the lung reduces the IL-13 induced AHR [81] . Recent studies showed that genes such as Protocadherin-20 [82] , Arachidonate 12-lipoxygenase [83] , iNOS [Nitric oxide synthase] and IL-6 [84] are differentially methylated in asthmatics and this increases the hope of using DNA methylation regulated genes as possible biomarker or targets for drug interventions.
Obesity
Obesity is a disorder arising due to disequilibrium between individual's dietary intake as well as energy ex- [85] . Melanin-concentrating hormone receptor 1 (MCHR1) plays an important role in regulation of energy homeostasis, food intake and body weight. A negative effect of MCHR1 protein levels and diet induced obesity has been demonstrated in animal models.
Recently it has been reported that transcription of MCHR 1 is not only epigenetically regulated but DNA methylation at MCHR1 is associated with age and is allele specific [86] .Studies focusing on epigenomics using high through put techniques are necessary to identify epigenetic modifications controlling genes that regulate energy balance, study epigenetic mosaicism, and identify epigenetic biomarkers which can be used commercially. [92] . A recent study reported that use of valproic acid [VPA] inhibits transcription of adiponectin in adipocytes via down regulation of C/EBPα transcription factor and thus responsible for inducing obese stateVPA is used in treatment of psychotic disorders and obesity is a known side effect of the treatment. VPA increases acetylation of C/EBP α and thus it cannot bind to specific DNA sequence and that might inhibit further expression of adiponectin [93] . In brain disorders like alzheimers me-mory loss is a major symptom. A study reported that targeting HDAC class I might improve memory deficit. Injecting HDAC inhibitors, sodium valproate and sodium butyrate, in transgenic mice revealed complete improvement in memory deficit and memory was found to be stable for next two weeks. Studies have shown that histone deacetylases act as neuroprotectors by enhancing synaptic plasticity in Alzheimer's disease [94] . Thus HDAC inhibitors can be used in treating disease state but further studies are required to validate these findings [95, 96] . MicroRNAs [miRNAs] play a pivotal role in regulation of gene expression in inflammatory response. They are expressed mostly in tissue specific or developmental stage dependant manner. Nagata et al. injected miRNA15a along with FAM-atelocollagen complex in autoantibody induced male DBA/1J mice. The study reveals that on injection of miRNA15a, apoptosis was successfully induced in RA synovium and miRNA15a can be useful agent in epigenetic therapy [97] . In vivo transfection of small interfering RNA [siRNA] targeting TNF-α, IL-1beta, IL-6 and receptor activator of NF-kappaB ligand [RANKL] in collagen induced arthritis (CIA) in rats, resulted in effective treatment. Although the study was done on CIA the findings suggest that, transfection of siRNA can be an important strategy to treat diseases by silencing genes using specific siRNAs [98] . In Alzheimer brain, miRNA146a was found to be sensitive to NFκB signalling like most of inflammatory response. miRNA 146a was upregulated in stress induced cells and further it represses complement factor H [CHF]. Thus developing anti-miRNA strategies against specific miRNA might serve as efficient epigenetic therapy [99] . Recent study shows that S-adenosyl L-methionine [SAM] is a universal methyl group donor which participates in transmethylation reactions. It has an important role in the synthesis of neuromediators and melatonin and mechanisms of epigenetic regulation. SAM has proved to act as an epigenetic treatment in rheumatoid arthritis [RA] and various other diseases [100] .
Alzheimer's Disease
EPIGENETIC THERAPY
Although these epigenetic therapies are promising and are gaining importance, very few of these drugs or therapies have passed clinical trials. Designing a specific drug for a given target is a major challenge faced by researchers. To avoid issues like non specificity Feinberg has suggested targeting biochemical pathways which are epigenetically modified in a disease by conventional medicine. With more input from ongoing research and not to forget the Human epigenome project will help in solving current issues in designing of epigenetic therapies.
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